Evaluation of androgenic competence of different pepper, tomato and eggplant genotypes by Pockovska, Marija et al.
 
 
 
 
 
 
 
 
 
BOOK OF 
PROCEEDINGS 
 
 
 
X International Scientific Agriculture Symposium 
“AGROSYM 2019” 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jahorina, October 03 - 06, 2019
 
 
Impressum 
X International Scientific Agriculture Symposium „AGROSYM 2019“ 
Book of Abstracts Published by 
University of East Sarajevo, Faculty of Agriculture, Republic of Srpska, Bosnia 
University of Belgrade, Faculty of Agriculture, Serbia 
Mediterranean Agronomic Institute of Bari (CIHEAM - IAMB) Italy 
International Society of Environment and Rural Development, Japan 
Balkan Environmental Association (B.EN.A), Greece 
Centre for Development Research, University of Natural Resources and Life Sciences (BOKU), Austria 
Perm State Agro-Technological University, Russia 
Voronezh State Agricultural University named after Peter The Great, Russia 
Faculty of Bioeconomy Development, Vytautas  Magnus University, Lithuania 
Selçuk University, Turkey 
University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania 
Slovak University of Agriculture in Nitra, Slovakia 
Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine 
National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine 
Valahia University of Targoviste, Romania 
National Scientific Center „Institute of Agriculture of NAAS“, Kyiv, Ukraine 
Saint Petersburg State Forest Technical University, Russia 
University of Valencia, Spain 
Faculty of Agriculture, Cairo University, Egypt 
Tarbiat Modares University, Iran 
Chapingo Autonomous University, Mexico 
Department of Agricultural, Food and Environmental Sciences, University of Perugia, Italy 
Higher Institute of Agronomy, Chott Mariem-Sousse, Tunisia 
Watershed Management Society of Iran 
Institute of Animal Science- Kostinbrod, Bulgaria 
Faculty of Agriculture, University of Banja Luka, Bosnia and Herzegovina 
Faculty of Economics Brcko, University of East Sarajevo, Bosnia and Herzegovina 
Biotechnical Faculty, University of Montenegro, Montenegro 
Institute of Field and Vegetable Crops, Serbia 
Institute of Lowland Forestry and Environment, Serbia 
Institute for Science Application in Agriculture, Serbia 
Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia and Herzegovina 
Maize Research Institute “Zemun Polje”, Serbia 
Faculty of Agriculture, University of Novi Sad, Serbia 
Editor in Chief 
Dusan Kovacevic 
Tehnical editors 
Sinisa Berjan 
Milan Jugovic 
Noureddin Driouech 
Rosanna Quagliariello 
 
Website: 
http://agrosym.ues.rs.ba 
 CIP -  Каталогизација у публикацији 
Народна и универзитетска библиотека 
Републике Српске, Бања Лука 
 
631(082)   
 
INTERNATIONAL Scientific Agricultural Symposium "Agrosym 2019" (10) 
(Jahorina)      
          Book of Proceedings [Elektronski izvor] / X International Scientific Agriculture 
Symposium "Agrosym 2019", Jahorina, October 03 - 06, 2019 ; [editor in chief Dušan 
Kovačević]. - East Sarajevo : Faculty of Agriculture, 2019   
 
Način pristupa (URL): http://agrosym.ues.rs.ba/index.php/en/archive. - 
Библиографија уз радове. - Регистар.   
 
ISBN 978-99976-787-2-0   
 
COBISS.RS-ID 8490776 
 
 
 
X International Scientific Agricultural Symposium “Agrosym 2019” 
Jahorina, October 03-06, 2019, Bosnia and Herzegovina 
 
HONORARY COMMITTEE 
BORIS PASALIC, Minister of Agriculture, Water Management and Forestry of Republic of Srpska, Bosnia, SRDJAN 
RAJCEVIC, Minister of Scientific-Technological Development, Higher Education and Information Society of Republic of Srpska, 
Bosnia, MILAN KULIC, Rector of the University of East Sarajevo, Bosnia, DUSAN ZIVKOVIC, Dean of the Faculty of 
Agriculture, University of Belgrade, Serbia, MAURIZIO RAELI, Director of the Mediterranean Agronomic Institute of Bari, 
Italy, MARIO T. TABUCANON, President of the International Society of Environment and Rural Development, Japan, 
FOKIAON K. VOSNIAKOS, President of the Balkan Environmental Association (B.EN.A), Greece, MUSTAFA ŞAHIN, Rector 
of the Selcuk University, Turkey, ALEKSEY ANDREEV, Rector of the Perm State Agro-Technological University, Russia, 
NIKOLAY I. BUKHTOYAROV, Rector of the Voronezh State Agricultural University named after Peter The Great, Russia, 
ANTANAS MAZILIAUSKAS, Rector of the Vytautas Magnus University Agriculture Academy, Lithuania, BARBARA 
HINTERSTOISSER, Vice-Rector of the University of Natural Resources and Life Sciences (BOKU), Austria, JOSÉ SERGIO 
BARRALES DOMÍNGUEZ, Rector of the Chapingo Autonomous University, Mexico,. KLAUDIA HALÁSZOVÁ, Rector of the 
Slovak University of Agriculture in Nitra, Slovakia, CALIN D. OROS, Rector of the Valahia University of Targoviste, Romania, 
VIKTOR KAMINSKYI, Director of National Scientific Center „Institute of Agriculture of NAAS“, Kyiv, Ukraine, AMR 
AHMED MOSTAFA, Dean of the Faculty of Agriculture, Cairo University, Egypt, SORIN MIHAI CIMPEANU, Rector of the 
University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania, FRANCESCO TEI, Director of the 
Department of Agricultural, Food and Environmental Sciences, University of Perugia, Italy, DAVUT KARAYEL, Dean of 
Faculty of Agriculture, University of Akdeniz - Antalya, Turkey, CHOKRI THABET, the General Director of the High 
Agronomic Institute of Chott Mariem, Sousse, Tunisia, SEYED HAMIDREZA SADEGHI, Professor at Tarbiat Modares 
University and the President of the Watershed Management Society of Iran, Iran, IVAN YANCHEV, Director of the Institute of 
Animal Science- Kostinbrod, Bulgaria, ZLATAN KOVACEVIC, Dean of the Faculty of Agriculture, University of Banja Luka, 
Bosnia and Herzegovina, LAZAR RADOVANOVIC, Dean of the Faculty of Economics Brcko, Universtiy of East Sarajevo, 
Bosnia and Herzegovina, BOZIDARKA MARKOVIC, Dean of the Biotechnical Faculty, University of Podgorica, Montenegro, 
SNEZANA JANKOVIC, Director of the Institute for Science Application in Agriculture, Serbia, SASA ORLOVIC, Director of 
the Institute of Lowland Forestry and Environment, Serbia, BRANKO KOVACEVIC, President of the Academy of Engineering 
Sciences of Serbia, Serbia, VOJISLAV TRKULJA, Director of Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia 
and Herzegovina, BRANKA KRESOVIC, Director of the Maize Research Institute “Zemun Polje”, Serbia, SVETLANA 
BALESEVIC-TUBIC, Director of the Institute of Field and Vegetable Crops, Serbia, NEDELJKO TICA, Dean of the Faculty of 
Agriculture, University of Novi Sad, Serbia, RODNE NASTOVA, Director of the Institute for Animal Science, Skoplje, 
Macedonia, RADOVAN PEJANOVIC, President of Balkan Scientific Association of Agricultural Economics, Serbia, JONEL 
SUBIC, Director of the Institute of Agricultural Economics, Serbia 
 
SCIENTIFIC COMMITTEE 
DUSAN KOVACEVIC, Faculty of Agriculture, University of Belgrade, SerbiaProf. dr William Meyers, Howard Cowden 
Professor of Agricultural and Applied Economics, University of Missouri, USA, JOHN BRAYDEN, Norwegian Agricultural 
Economics Research Institute (NILF), Norway, STEVE QUARIE, Visiting Professor, School of Biology, Newcastle University, 
United Kingdom, ANDREAS MELCHER, CDR, University of Natural Resources and Life Sciences (BOKU), Vienna, Austria, 
DANI SHTIENBERG, full professor, Department of Plant pathology and Weed Research, ARO, the Volcani Center, Bet Dagan, 
Israel, THOMAS G. JOHNSON, University of Missouri – Columbia, USA, DIETER TRAUTZ, University of Applied Science, 
Germany, MACHITO MIHARA, Tokyo University of Agriculture, Japan, MARKUS SCHERMER, Department of Sociology, 
University of Innsbruk, Austria,. JORGE BATLLE-SALES, Department of Biology, University of Valencia, Spain, SERGEI 
ELISEEV, Vice-Rector for Research and Innovations, Perm State Agro-Technological University, Russia, RICHARD 
BARICHELLO, Faculty of Land and Food Systems, University of British Columbia, Canada,  NOVO PRZULJ, Faculty of 
Agriculture, University of Banjaluka, Bosnia and Herzegovina, TATIANA SIVKOVA, Faculty for Veterinarian Medicine and 
Zootechny, Perm State Agro-Technological University, Russia, ADRIANO CIANI, Department of Agricultural, Foods  and 
Environmental Sciences, Perugia University, Italy, ALEKSEJ LUKIN, Voronezh State Agricultural University named after Peter 
The Great, Russia, MATTEO VITTUARI, Faculty of Agriculture, University of Bologna, Italy, SEYED MOHSEN HOSSEINI, 
Faculty of Natural Resources, Tarbiat Modares University, Iran, ARDIAN MACI, Faculty of Agriculture and Environment, 
Agricultural University of Tirana, Albania, REGUCIVILLA A. POBAR, Bohol Island State University, Philippines, SUDHEER 
KUNDUKULANGARA PULISSERY, Kerala Agricultural University, India, EPN UDAYAKUMARA, Faculty of Applied 
Sciences, Sabaragamuwa University, Sri Lanka, VLADIMIR SMUTNÝ, full professor, Mendel University, Faculty of agronomy, 
Czech Republic, FRANC BAVEC, full professor, Faculty of Agriculture and Life Sciences, Maribor, Slovenia, JAN MOUDRÝ, 
full professor, Faculty of Agriculture, South Bohemia University, Czech Republic, STEFAN TYR, full professor, Faculty of 
Agro-biology and Food Resources, Slovakia, NATALIJA BOGDANOV, Faculty of Agriculture, University of Belgrade, Serbia, 
SABAHUDIN BAJRAMOVIC, Faculty of Agriculture and Food Sciences, University of Sarajevo, Bosnia, FRANCESCO 
PORCELLI, University of Bari Aldo Moro, Italy, VASILIJE ISAJEV, Faculty of Forestry, University of Belgrade, Serbia, 
ELAZAR FALLIK, Agricultural Research Organization (ARO), Volcani, Israel, JUNAID ALAM MEMON, Pakistan Institute of 
Development Economics, Pakistan, HIROMU OKAZAWA, Faculty of Regional Environment Science, Tokyo University of 
Agriculture, Japan, PANDI ZDRULI, Land and Water Resources Department; IAMB, Italy, MLADEN TODOROVIC, Land and 
 
 
Water Resources Department; IAMB, Italy, HAMID EL BILALI, CDR, University of Natural Resources and Life Sciences 
(BOKU), Vienna, Austria, MAKSYM MELNYCHUK, National Academy of Agricultural Science of Ukraine, Ukraine, BORYS 
SOROCHYNSKYI, Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine, LORENZ PROBST, CDR, University of 
Natural Resources and Life Sciences (BOKU), Vienna, Austria, MOHSEN BOUBAKER, High Institute of Agronomy of Chott 
Meriem, Sousse, Tunisia, NOUREDDIN DRIOUECH, Coordinator of MAIB Alumni Network (FTN), Mediterranean Agronomic 
Institute of Bari, Italy, ION VIOREL, University of Agronomic Sciences and Veterinary Medicine of Bucharest,  Romania, 
CHULEEMAS BOONTHAI IWAI, Faculty of Agriculture, Khon Kaen University, Thailand, WATHUGE T.P.S.K. SENARATH, 
Department of Botany, University of Sri Jayewardenepura, Colombo, Sri Lanka, HAMADA ABDELRAHMAN, Soil Science 
Dept., Faculty of Agriculture, Cairo University, Egypt, MAYA IGNATOVA, Agricultural Academy – Sofia, Bulgaria, IOANNIS 
Ν. XYNIAS, School of Agricultural Technology & Food Technology and Nutrition, Western Macedonia University of Applied 
Sciences, Greece, ARTUR RUTKIEWICZ, Department of Forest Protection, Forest Research Institute - IBL, Poland, 
MOHAMMAD SADEGH ALLAHYARI, Islamic Azad University, Rasht Branch, Iran, LALITA  SIRIWATTANANON, Faculty 
of Agricultural Technology, Rajamangala University of Technology Thanyaburi (RMUTT), Thailand, KONSTANTIN 
KORLYAKOV, Perm Agricultural Research Institute, Russia, MOHAMMAD FAROOQUE HASSAN, Shaheed Benazir Bhutto 
University of Veterinary & Animal Sciences Sakrand, Sindh, Pakistan, LARYSA PRYSIAZHNIUK, Ukrainian Institute for Plant 
Variety Examination, Kyiv, Ukraine, OKSANA KLIACHENKO, National University of Life and Environmental Science of 
Ukraine, Ukraine, IVAN SIMUNIC, Department of amelioration, Faculty of agriculture, University of Zagreb, Croatia, ABID 
HUSSAIN, International Centre for Integrated Mountain Development (ICIMOD), Nepal, AMRITA GHATAK, Gujarat Institute 
of Development Research (GIDR), India, NASER SABAGHNIA, University of Maragheh, Iran, MONICA PAULA MARIN, 
Department for Animal Husbandry, University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania, PENKA 
MONEVA, Institute of Animal Science - Kostinbrod, Bulgaria, MOSTAFA K. NASSAR, Animal husbandry Dept., Faculty of 
Agriculture, Cairo University, Egypt, MÁRTA BIRKÁS, full professor, St. Istvan University, Godollo – Hungary, ANDRZEJ 
KOWALSKI, Director of the Institute for Agricultural and Food Economy, Warzawa-Poland, YALCIN KAYA, The Director of 
the Plant Breeding Research Center, University of Trakya, Turkey, SANJA RADONJIC, Biotechnical Faculty, University of 
Montenegro, Montenegro, IONELA DOBRIN, Department for Plant Protection, University of Agronomic Sciences and 
Veterinary Medicine of Bucharest, Romania, INOCENCIO BUOT JR., Institute of Biological Sciences, College of Arts and 
Sciences, University of the Philippines Los Banos, Philippines, KAROL WAJSZCZUK, Poznan University of Life Sciences, 
Poland, REDOUANE CHOUKR-ALLAH, International Center for Biosaline Agriculture (ICBA), United Arab Emirates, 
MOHAMMAD AL-MAMUN, Department of Animal Nutrition, Bangladesh Agricultural University, Bangladesh, ANUCHA 
WITTAYAKORN-PURIPUNPINYOO, School of Agriculture and Co-operatives, Sukhothai Thammathirat Open University, 
Nonthaburi, Thailand, NEDELJKA NIKOLOVA, Institute for Animal Science, Ss. Cyril and Methodius University in Skopje, 
Republic of Macedonia, IGNACIO J. DÍAZ-MAROTO, High School Polytechnic, University of Santiago de Compostela, Spain, 
NIDAL SHABAN, University of Forestry Sofia, Bulgaria, YOUSSIF SASSINE, Lebanese University Beirut, Lebanon, CAFER 
TOPALOGLU, Faculty of Tourism, Mugla Sitki Kocman University, Turkey, SEYED HAMIDREZA SADEGHI, Faculty of 
Natural Resources, Tarbiat Modares University, Iran, MOHSEN MOHSENI SARAVI, University of Teheran and Member of 
WMSI Management Board, Iran, MAHMOOD ARABKHEDRI, Soil Conservation and Watershed Management Research 
Institute and Member of WMSI Management Board, Iran, ATAOLLAH KAVIAN, Sari Agricultural Science and Natural 
Resources University and  Member of WMSI Management Board, Iran, TUGAY AYASAN, Department of Organic Farming 
Business Management, Osmaniye, Applied Science School of Kadirli, Osmaniye Korkut Ata University, Turkey, SAKINE 
ÖZPINAR, Department of Farm Machinery and Technologies Engineering, Faculty of Agriculture, Çanakkale Onsekiz Mart 
University, Çanakkale, Turkey, SHEREIN SAEIDE ABDELGAYED, Faculty of Veterinary Medicine, Cairo University, Cairo, 
Egypt, ZOHREH MASHAK, Islamic Azad University, Karaj Branch, Iran, KHALID AZIM, National Institute of Agriculture 
Research, Morocco, SRDJAN LALIC, Vice-dean University of East Sarajevo, Bosnia and Herzegovina, ZELJKO VASKO, 
Faculty of Agriculture, University of Banja Luka, Bosnia and Herzegovina, KUBILAY BAŞTAŞ, Department of Plant Protection, 
Faculty of Agriculture, Selçuk University, Turkey, BRANKA KRESOVIC, Director of the Maize Research Institute “Zemun 
Polje”, Serbia, NENAD DELIC, Maize Research Institute “Zemun Polje”, Serbia, MILAN STEVANOVIC, Maize Research 
Institute “Zemun Polje”, Serbia, SVETLANA BALESEVIC-TUBIC, Institute of Field and Vegetable Crops Novi Sad, Serbia, 
ANA MARJANOVIC JEROMELA, Institute of Field and Vegetable Crops Novi Sad, Serbia, TATJANA ZDRALIC, Faculty of 
Agriculture, University of East Sarajevo, Bosnia, ALEKSANDRA GOVEDARICA-LUCIC, Faculty of Agriculture, University of 
East Sarajevo, Bosnia, DESIMIR KNEZEVIC, University of Pristina, Faculty of Agriculture, Kosovska Mitrovica - Lesak, 
Kosovo i Metohija, Serbia, SNEZANA MLADENOVIC-DRINIC, Maize Research Institute “Zemun Polje”, Serbia, NEBOJSA 
MOMIROVIC, Faculty of Agriculture, University of Belgrade, Serbia,. VELIBOR SPALEVIC, Faculty of Philosophy, 
Geography, University of Montenegro, ZORAN JOVOVIC, Biotechnical Faculty, University of Montenegro, Montenegro, 
DANIJEL JUG, associate professor, Faculty of Agriculture, University of Osijek, Croatia, MILAN MARKOVIC, Biotechnical 
Faculty, University of Montenegro, Montenegro, ZELJKO DOLIJANOVIC, Faculty of Agriculture, University of Belgrade, 
Serbia, DEJAN STOJANOVIC, Institute of Lowland Forestry and Environment, Serbia, DOBRIVOJ POŠTIĆ, Institute for plant 
protection and environment, Belgrade, Serbia, SRDJAN STOJNIC, Institute of Lowland Forestry and Environment, Serbia 
 
ORGANIZING COMMITTEE 
VESNA MILIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, DEJAN BOKONJIC, Vice rector of the University 
of East Sarajevo, Bosnia,. DEJANA STANIC, Dean of the Faculty of Agriculture, University of East Sarajevo, Bosnia, 
MAROUN EL MOUJABBER, Mediterranean Agronomic Institute of Bari, Italy, ROSANNA QUAGLIARIELLO, Mediterranean 
Agronomic Institute of Bari, Italy, NOUREDDIN DRIOUECH, Coordinator of MAIB Alumni Network (FTN), Mediterranean 
Agronomic Institute of Bari, Italy, ALEKSANDRA DESPOTOVIC, Biotechnical Faculty Podgorica, University of Montenegro, 
 
 
Montenegro, MILIC CUROVIC, The journal “Agriculture and Forestry”, Biotechnical Faculty Podgorica, University of 
Montenegro, Montenegro, ANA MARJANOVIĆ JEROMELA, Institute of Field and Vegetable Crops, Serbia, OKSANA 
FOTINA, International Relations Center, Perm State Agro-Technological University, Russia, TATIANA LYSAK, International 
Relations Office, Voronezh State Agricultural University named after Peter The Great, Russia, ANASTASIJA NOVIKOVA, 
Faculty of Bioeconomy Development, Vytautas  Magnus University, Lithuania, ENGR. TEODORA POPOVA, Institute of 
Animal Science - Kostinbrod, Bulgaria, MEHMET MUSA OZCAN, Faculty of Agriculture,  Selçuk University, Turkey, LAZAR 
RADOVANOVIC, Faculty of Economics Brcko, University of East Sarajevo, Bosnia and Herzegovina, NIKOLA PACINOVSKI, 
Institute for Animal Science, Ss. Cyril and Methodius University in Skopje, Republic of Macedonia, ABDULVAHED KHALEDI 
DARVISHAN, Faculty of Natural Resources, Tarbiat Modares University, Iran, HAMADA ABDELRAHMAN, Soil Science 
Dept., Faculty of Agriculture, Cairo University, Egypt, ECATERINA STEFAN, University of Agronomic Sciences and 
Veterinary Medicine of Bucharest, Romania, JEERANUCH SAKKHAMDUANG, The International Society of Environmental 
and Rural Development, Japan, RAOUDHA KHANFIR BEN JENANA, High Institute of Agronomy of Chott Meriem, Sousse, 
Tunisia, ERASMO VELÁZQUEZ CIGARROA, Department of Rural Sociology, Chapingo Autonomous University, Mexico, 
VEDRAN TOMIC, Institute for Science Application in Agriculture, Serbia, MILAN STEVANOVIC, Maize Research Institute 
“Zemun Polje”, Serbia, ANDREJ PILIPOVIC, Institute of Lowland Forestry and Environment, Serbia, NIKOLA PUVACA, 
Faculty of Economics and Engineering Management University of Business Academy, Serbia, MORTEZA BEHZADFAR, 
Tarbiat Modares University, Tehran, Iran, LARYSA PRYSIAZHNIUK, Ukrainian Institute for Plant Variety Examination, Kyiv, 
Ukraine, BRANISLAVKA BOROJA, Agricultural Institute of Republic of Srpska - Banja Luka, Bosnia, BILJANA GRUJIC, 
Institute of Agriculture Economics, Serbia, MARKO GUTALJ, Faculty of Agriculture, University of East Sarajevo, Bosnia, 
MIROSLAV LALOVIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, MILAN JUGOVIC, Faculty of Agriculture, 
University of East Sarajevo, Bosnia, IGOR DJURDJIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, MILENA 
STANKOVIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, STEFAN STJEPANOVIC, Faculty of Agriculture, 
University of East Sarajevo, Bosnia, STEFAN BOJIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, TANJA 
JAKISIC, Faculty of Agriculture, University of East Sarajevo, Bosnia, TIJANA BANJANIN, Faculty of Agriculture, University 
of East Sarajevo, Bosnia, SINISA BERJAN, Faculty of Agriculture, University of East Sarajevo, Bosnia, General secretary 
 
  
 
 
FOREWORD 
 
A Word from the Editor-in-Chief 
 
Dear colleagues, 
In your hands is the Book of Proceedings of the X International Scientific Agricultural 
Symposium “AGROSYM 2019”, which I hope you will find useful in your work. As many as 
900 contributions, from 82 countries, have been accepted for oral or poster presentations. 
Symposium themes cover all branches of agriculture and are divided into 7 sessions: 1) Plant 
production, 2) Plant protection and food safety, 3) Organic agriculture, 4) Environmental 
protection and natural resources management, 5) Animal husbandry, 6) Rural development 
and agro-economy, 7) Forestry and agroforestry. Papers dealing with agricultural engineering 
and technology were included into one of the seven sessions depending on their focus. 
In the plenary lectures were addressed interesting topics; one keynote was on 
biotechnology and two others dealt with organic farming in Australia and Europe. This 
confirms the role of AGROSYM as a forum for open discussions and exchanges on 
agriculture, food, the environment and rural development in the Balkans and beyond. Many of 
the papers identify a number of approaches and market-based incentives to encourage 
producers to achieve higher levels of performance (from both economic and environmental 
points of view) and as a result to meet the expectations of governments and consumers. 
The successful management of agricultural resources to satisfy changing human needs, 
while maintaining or enhancing the quality of the environment and conserving natural 
resources, indicate a long-term agricultural development imperative. Advances in 
productivity, profitability and stability of modern cropping, animal and forestry systems will 
have to be achieved globally on an ecologically sustainable basis. Today, it is obvious that 
conventional methods of agricultural production, while providing sufficient food and various 
products to humanity, have led to a number of negative impacts, including the transgression 
of many planetary boundaries. These negative impacts raise serious questions about the long-
term sustainability of high-input agriculture and call for a genuine transition towards 
sustainable agro-food systems, which achieve food and nutrition security for present and 
future generations within the safe operating space for humanity.  
 Full texts of the submitted communications will be available on the website of 
AGROSYM (http://agrosym.ues.rs.ba). Each paper included in the present Book of 
Proceedings was positively reviewed. 
Much appreciation is due to the authors of all papers submitted and presented at the 
symposium as well as to all symposium participants whose ideas and contributions allowed 
rich and lively discussions during the various sessions. Many thanks to all reviewers, session 
moderators and colleagues for their help in editing the Book of Proceedings. Special thanks 
go to all co-organizers, partners and sponsors for their unselfish collaboration and 
comprehensive support. 
                                                                   Editor-in-Chief 
 
--------------------------------------- 
Dusan Kovacevic, PhD  
East Sarajevo, 12 October 2019 
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EVALUATION OF ANDROGENIC COMPETENCE OF DIFFERENT PEPPER, 
TOMATO AND EGGPLANT GENOTYPES 
Marija POCKOVSKA, Fidanka TRAJKOVA*, Liljana KOLEVA GUDEVA 
Department of Plant Biotechnology, Faculty of Agriculture, Goce Delcev University – Stip, Republic of North 
Macedonia  
*Corresponding author: fidanka.trajkova@ugd.edu.mk 
 
Abstract 
The methods of biotechnology such as androgenesis introduce new possibilities for faster 
creation of new varieties or at least faster development of improved genotypes with desirable 
traits that can give an answer to new abiotic and biotic challenges in agricultural production. 
Androgenesis is a method that opens possibilities for development of haploids and 
spontaneous dihaploids plants via anther culture. In vitro anther culture utilized for gaining 
haploid/dihaploid plants serves as a tool for improvement of some solanaceous crops such as 
tomato, eggplant and pepper, but it always faces obstacles for high productivity of regenerants 
in those crops. In the present study, androgenic competence of 3 pepper genotypes (Edita, 
Bela Duga and Homera), 3 tomato genotypes (Bellfort, Rally and Policarpo) and 1 eggplant 
genotype (Domaci srednje dugi) were evaluated. The pepper anthers were cultured according 
to the method developed by Dumas de Valux et al. (1981), tomato anthers were cultivated 
according to Corral-Martínez et al. (2011), while eggplant anthers were cultivated according 
to Dumas de Valux and Chambonnet (1982). The experiment showed that androgenesis was 
successfully implemented only in pepper genotype Edita, whereas the eggplant genotype did 
not show any response to anther induction media. Cultivation of anthers from all tomato 
genotypes resulted only in callus formation.  Our results are one more confirmation that 
androgenesis applied on pepper, tomato and eggplant has its limitations and the 
successfulness of androgenesis depends on many factors as growing conditions and donor 
plant age, donor plant genotype, microspore developmental stage, culture media and 
cultivation conditions.   
 
Keywords: Androgenesis, Anther culture, Capsicum annuum, Lycopersicon esculentum, 
Solanum melongena 
 
Introduction 
Androgenesis is one of the successful biotechnological methods that is included in the group 
of novel techniques for improving agricultural crops and it can be combined with other 
biotechnological methods for achieving new selection goals (Koleva Gudeva et al., 2008; 
Irikova et al., 2016). It is considered as the fastest way to achieve homozygosity and to get 
homozygotic lines, where dihaploids have many advantages for their involvement in 
fundamental and breeding research (Koleva Gudeva et al., 2007a; Seguí-Simarro, 2016). 
Nevertheless, obtaining regenerated and fertile androgenetic plants in the Solanaceae 
horticulture crops is still low (Seguí-Simarro, 2016).  
Generally, there are a small number of scientific publications related to the full regeneration 
of the androgenetic solanaceous plants, their characterization and evaluation and direct 
participation in selection programs for scientific and commercial purposes. According to 
Seguí-Simarro et al. (2011), pepper (Capsicum sp.) is characterized as a third-class crop by 
fam. Solanaceae which is "resistant" to methods of androgenesis, after tomato (Lycopersicon 
esculentum Mill.) and eggplant (Solanum melangena L.). The aim of our research was to test 
and establish effective androgenesis protocols for pepper, tomato and eggplant.  
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Material and Methods 
Pepper anther culture 
Three pepper (Capsicum annuum L.) varieties were used as anther donors in the experiment: 
Edita (sweet, long type), Bela Duga (sweet, long type), Homera (long, hot type). The flower 
buds were harvested when the corolla was of the same length as the calyx or slightly longer. 
Flower buds were surface sterilized in 70% ethanol for 2 minutes, then in 5% Isozan G for 10 
min, and rinsed three times in sterile distilled water. After the removal of the filaments, 
anthers from three flower buds were placed in Petri dish, with the concave face down, 
touching the culture medium. The media employed for anther culture was: Cp (Dumas de 
Valux et al., 1981) supplemented with kinetin (0.01 mg·l-1) and 2.4-D (0.01 mg·l-1). The 
anthers cultivated on Cp medium with the supplementary hormones were incubated for 8 days 
at 35±2 oC in the dark, and then transferred to 25 ± 2 oC with 12 h photoperiod. After 12 days 
of induction on Cp medium, the anthers were transferred each month onto fresh R1 medium 
supplemented with 0.01 mg·l-1 kinetin and simultaneously the deteriorated or infected anthers 
were removed. The cultures were observed regularly, and the data were recorded every week. 
The frequency of callus formation and the number of emerged embryoids were recorded. 
Young shoots emerging from the anthers were transferred onto hormone free V3 media in 
order roots to be formed. 
Tomato anther culture 
Three tomato (Lycopersicon esculentum Mill.) varieties were used as anther donors in the 
experiment: Bellfort (rounded shape), Rally (rounded shape) and Policarpo (plum-shaped 
tomato). Buds varying in length were collected from flowering plants and they were surface 
sterilized in 70% ethanol for 2 minutes, then in 5% Isozan G for 10 min, and rinsed three 
times in sterile distilled water. The anthers were dissected and plated on the MS induction 
medium prepared according to Corral-Martínez et al. (2011). It consisted of MS basal 
medium + vitamins (Murashige and Skoog 1962), supplemented with 2.5 g·l-1 Phytagel, 20 g/l 
sucrose, 1 mg·l-12ip and 2 mg·l-1 IAA, pH 5.7. Petri dishes were kept in a growth cabinet at 25 
oC, in darkness for 1 month, and then under a 16/8 photoperiod. Anthers and developing calli 
were transferred to fresh medium on a monthly basis. Green or partially green, proliferating 
calli were transferred to regeneration medium composed of 4.4 g/l MS medium plus vitamins, 
2.5 g·l-1 Phytagel, 20 g·l-1 sucrose and 0.25 mg·l-1 zeatin, pH 5.7. 
Eggplant anther culture 
One eggplant (Solanum melanogena L.) genotype, Domaci srednje dugi, was used as anther 
donor genotype. Flower buds of the certain size were harvested from anther donor plants and 
surface sterilized in 70% ethanol for 2 minutes, then in 5% Isozan G for 10 min, and rinsed 
three times in sterile distilled water and immediately dissected. Anthers were cultured 
according to Dumas de Vaulx and Chambonnet (1982) on Ct inductive medium. The Ct 
medium was supplemented with 0.01 mg·l-1 2,4-D and 0.01 mg·l-1 kinetin. Anthers were 
inoculated in petri dishes on Ct inductive medium and cultured for 8 days in darkness at 35oC. 
Then, they were transferred to light (12 h light/12 h darkness photoperiod) and 25 oC for 4 
more days. At day 12, anthers were transferred to R1 medium supplemented with 0.01 mg/l 
kinetin, where they were cultured indefinitely at 25 oC, with medium refreshing every 20 
days.  
 
Results and Discussion 
The results of androgenic response of different pepper genotypes are presented in Table 1 and 
Figure 1. On the inductive Cp medium were incubated 555 anthers from Edita, 619 anthers 
from Bela Duga and 640 from Homera with mean anther length of 3.3; 3.3 and 3.2 mm, 
respectively. The cultivated anthers of three varieties responded with callus formation with 
different percentage as Edita (12.7%), Bela Duga (11.6%) and Homera (17.2%). The 
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percentage of embryogenic anthers varied from 0.22% for Bela Duga and 2.3% for Edita. 
Only for the variety Edita there was successful regeneration of 5 embryo into plants. As 
expected, the anthers of the hot variety Homera did not responded with embryo formation. 
 
Table 1. Androgenic response of different pepper genotypes (Capsicum annuum L.) incubated 
on Cp medium + 0.01 mg·l-1 kinetin and 0.01 mg·l-1 2.4-D (+35 oC, 8 days in darkness). 
 
Species / 
Variety 
Total 
cultured 
anthers 
Mean 
length of 
anthers 
(mm) 
Callusogenic 
anthers  
(%) 
Embryogenic 
anthers 
(%) 
Regenerated 
androgenic plants 
Edita 555 3.3 12.7 2.3 5 
Bela Duga 619 3.3 11.6 0.22 / 
Homera 640 3.2 17.2 / / 
 
 
Figure 1. a) pepper buds collected for anther isolation b) anthers inoculated on R1 medium 
developing c) callus developed from anther d) emerging androgenic embryo e) fully 
developed androgenic embryo f) regenerated androgenic plant on V3 medium g) acclimatized 
androgenic plant. 
 
According to Koleva-Gudeva et al. (2007a,b), the process of embryo formation on different 
media under different thermal conditions showed that the formation of haploid embryos 
occurred only in the CP medium exposed to heat thermal stress (+35 oC) and hot pepper 
genotypes are low in androgenic response which is in agreement with our results findings 
(Koleva Gudeva et al., 2007a). Even with difficulties and low efficiency of pepper, there are 
several laboratories that successfully applied pepper androgenesis and fully regenerated 
androgenic plants which are characterized either phenological or/and molecular as the 
Hungarian group (Mitykó and Gémes Juhász, 2006); the Macedonian group (Trajkova, 2013;  
Trajkova and Koleva Gudeva, 2017); the Bulgarian group (Todorova et al., 2013); the Korean 
group (Luitel et al., 2012) and the Polish group (Olszewska et al., 2015; Nowaczyk et al., 
2015). 
The results of androgenic response of different tomato genotypes are presented in Table 2 and 
Figure 2. On inductive MS medium were incubated 80 anthers from Bellfort, 49 anthers from 
Rally and 64 from Policarpo with mean anther length of 2.4; 3.0 and 3.5 mm, respectively. 
The anthers of these three varieties responded with callus formation with different percentage 
as Bellfort (63.8%), Rally (28.6%) and Policarpo (28.1%). There was no embryo formation 
from tomato anthers from all three varieties, consequently no regenerated androgenic plants.  
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Table 2. Androgenic response of different tomato genotypes (Lycopersion esculentum Mill.) 
incubated on MS medium + 1 mg·l-1 2ip and 2 mg·l-1 IAA (+25 oC, 1 month in darkness). 
 
Variety Total 
cultured 
anthers 
Mean length of 
anthers (mm) 
Callusogenic 
anthers  
(%) 
Embryogenic 
anthers 
(%) 
Regenerated 
androgenic 
plants 
Bellfort 80 2.4 63.8 / / 
Rally 49 3.0 28.6 / / 
Policarpo 64 3.5 28.1 / / 
 
 
Figure 2. a) tomato buds collected for anther isolation b) inoculated anthers on MS medium c-
d) calli developing from anthers. 
 
In tomato, anther culture has also been demonstrated possible, but for very few genotypes. 
Seguí-Simarro (2016) highlight that mostly two key bottlenecks impose strong limitations to 
the efficiency of double haploids technique in recalcitrant solanaceous crops as induction 
efficiency and embryo development, where it is widely known that the genotype is the most 
influential factor. Seguí-Simarro (2016) discussed that only two laboratories have published 
the complete regeneration of entire tomato plants with a demonstrated haploid or DH origin 
(Shtereva et al., 1998; Zagorska et al., 2004; Seguí-Simarro and Nuez, 2005, 2007; Corral-
Martínez et al., 2011). 
The results of androgenic response of one eggplant variety are presented in Table 3. On 
inductive Ct medium were incubated 144 anthers with mean anther length of 2.4 from 
eggplant genotype Domaci srednje dugi. The utilized medium and incubation conditions did 
not induce any response of cultivated anthers.   
Salas et al. (2011) published successful protocol for eggplant androgenesis where responding 
anthers produced both calli derived from anther tissue and embryos derived from microspores, 
suggesting that the protocol established by Dumas de Vaulx and Chambonnet (1982) it’s not 
always a source of androgenic competence among different eggplant genotypes. 
 
Table 3. Androgenic response of eggplant (Solanum melongena L.) incubated on Ct medium 
+ 0,01 mg·l-1 2,4-D and 0,01 mg·l-1 kinetin (+35 oC, 8 days in darkness). 
Genotype Total 
cultured 
anthers 
Mean 
length of 
anthers 
(mm) 
Callusogenic 
anthers  
(%) 
Embryogenic 
anthers 
(%) 
Regenerated 
androgenic plants 
Domaci 
srednje dugi 
144 2.4 No response No response  / 
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However, our results showed that the same protocol did not worked for the eggplant genotype 
Domaci srednje dugi and no anthers response was reached. On the other hand, Rivas-Sendra 
et al. (2017) evaluated androgenic capacity through microspore culture of the eggplant 
commercial F1 hybrid Bandera and its first and second generation of DHs and obtained a 
population of 80 DH individuals via microspore cultures. These findings show that beside the 
genotype, cultivation medium has the main role in positive androgenic response in eggplant, 
as well as thickness of eggplant anther walls and heterostyly, which might delay the access of 
inductive factors to the anther locule, thus reducing their effect over inducible microspores 
(Salas et al., 2012).   
 
Conclusions 
The low androgenic rate in pepper and no androgenic response in tomato and eggplant, as 
shown in our experimental results, are one more confirmation that these solanaceous crops are 
still far from an efficient and reliable technology to be applied on a routine basis in breeding 
programs. Even with the incredible importance of this family for agriculture, double haploid 
technology is not yet competently applied in these crops and they appear to respond to 
androgenic induction very differently. 
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